Secretory leucoprotease inhibitor (SLPI) is an 11.7-kDa nonglycosylated serine protease inhibitor produced by the mucosal surfaces of epithelial cells, macrophages, and neutrophils (1, 14, 20, 23) . It provides significant protection for the respiratory epithelial surfaces against neutrophil elastase (NE) released from activated or disintegrating neutrophils (6). SLPI also has antibacterial, antiviral, and anti-inflammatory properties (10, 13, 15, 18, 19) . Previously we have shown that SLPI, but not oxidized SLPI, can inhibit lipopolysaccharide (LPS)-induced NF-B activation (26). It does this by inhibiting degradation of IRAK, IB␣, and IB␤. These findings prompted us to investigate whether SLPI may have broader anti-inflammatory effects, such as the ability to inhibit responses induced by other microbial components, in particular lipoteichoic acid (LTA).
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Toll-like receptors (TLRs) belong to a large family of homologous proteins, TLR1 to TLR10 (4) , that play an important role in innate immune defenses due to their ability to recognize and discriminate a diverse array of microbial components. Following activation by their cognate ligands, TLRs initiate a conserved intracellular signaling cascade to activate NF-B and to induce expression of NF-B-regulated genes (4, 21) . LTA signals via TLR2, while TLR4 is the recognized mammalian receptor for LPS (11) . TLR2 is also activated by a number of other microbial components, including bacterial lipopeptides and yeast zymosan (17, 22, 24, 28, 29) , and can heterodimerize with TLR1 and -6 to enhance its sensitivity to different stimuli (22) . Of the known ligands for other TLRs, double-stranded RNA, flagellin, and unmethylated CpG dinucleotides are recognized by TLR3, -5, and -9, respectively. TLR7 and -8 can be regulated by imidazoquinoline compounds, suggesting an antiviral role (for recent reviews see references 2 and 27), while activators of TLR10 have yet to be identified.
U937 cells express TLR2 and TLR4 on the cell surface. We evaluated TLR2 and TLR4 cell surface expression on untreated and phorbol myristate acetate (PMA)-differentiated U937 myelomonocytic and macrophage-like cells, respectively, by quantitative fluorescence microscopy (8, 9) with anti-TLR2 and anti-TLR4 monoclonal antibodies and fluorescein isothiocyanate-labeled anti-mouse secondary antibodies. Figure 1 shows that Fc-blocked U937 cells express both TLR2 and TLR4 on their surface, with mean channel fluorescence values (Ϯ standard errors of the means) significantly higher for both anti-TLR2 (468,798 Ϯ 52,985) and anti-TLR4 (200,228 Ϯ 24,058) (P Յ 0.05) than for isotype control antibody-labeled cells (131,390 Ϯ 9,180). Similarly, Fc-blocked macrophages also express TLR2 and TLR4 on the surface (520,231 Ϯ 7,852, 519,260 Ϯ 47,601, and 285,141 Ϯ 19,729 for TLR2, TLR4, and isotype, respectively).
LTA induces NF-B activation via IRAK and IB␣ degradation in U937 cells. LPS activates NF-B in U937 cells (26) . Figure 2A shows that NF-B is also activated in response to LTA stimulation (0.1, 1, or 10 g/ml) in U937 cells (10 6 /ml), with optimal NF-B nuclear localization and DNA binding activity in 5-g nuclear extract (5) samples being induced by using an LTA concentration of 10 g/ml after 2 h. The mech-FIG. 1. U937 cells express TLR2 and TLR4. Untreated monocytic and PMA-differentiated U937 cells were labeled with anti-TLR (gray bars, TLR2; black bars, TLR4) or isotype antibodies (white bars). Binding was quantified by measuring mean channel fluorescence (Ϯ standard errors of the means) by laser scanning cytometry. Assays were performed in duplicate or triplicate (n ϭ 4).
anism by which this occurs involves degradation of IB␣, as shown by decreased IB␣ levels detected in cytosolic extracts (5 g) by Western blotting following 2 h of stimulation with 10 g of LTA/ml (Fig. 2B) . IRAK was degraded by 60 min and up to 2 h in U937 cells in response to stimulation with 10 g of LTA/ml (Fig. 2C) .
SLPI inhibits LTA-induced NF-B activation and prevents IB␣ and IRAK degradation. U937 cells (10 6 /ml) were treated with SLPI for 1 h prior to stimulation with 10 g of LTA/ml for 2 h to determine whether SLPI could inhibit LTA-induced NF-B activation. Figure 3A shows that SLPI inhibits LTAinduced NF-B activation. A similar effect was seen by using interleukin-10 (IL-10) and IL-13 as positive controls. Western blot analysis of cytosolic extracts from the same cells (Fig. 3C ) revealed that SLPI also prevented LTA-induced IB␣ and IRAK degradation. Given that this highly conserved signaling pathway is also activated by other TLRs, it would be interesting to explore whether SLPI can also inhibit NF-B activation by other TLR agonists (2, 4, 27) .
SLPI, but not oxidized or elastase-complexed SLPI, can inhibit TLR-induced cytokine expression. Inactivation of SLPI by oxidation (oxSLPI) or complex formation with NE (SLPI: NE), in addition to inhibiting its antiprotease activity, is also likely to decrease its anti-inflammatory properties. oxSLPI cannot inhibit LPS-induced NF-B activation and IB␣ or IB␤ degradation (26) . Here we examined whether the ability of SLPI to inhibit TLR-induced proinflammatory gene expression is also lost by oxidation or complex formation with NE.
Similar to results of another report, we found that SLPI could downregulate LPS-induced tumor necrosis factor ␣ (TNF-␣) expression by showing that it had a direct effect on TNF-␣ gene transcription (16) . Figure 4A shows that SLPI (10 g/ml), but not oxSLPI (10 g/ml) or SLPI:NE (34 g/ml), can inhibit TNF-␣ gene transcription induced by 4 h of stimulation with LPS (1 g/ml) (P Յ 0.05) in U937 cells (10 6 /ml) as measured by Quantikine mRNA enzyme-linked immunosorbent assay (ELISA) (R&D Systems Inc., Minneapolis, Minn.). SLPI also impaired MCP-1 production in response to LPS. MCP-1, a CC chemokine, is a regulator of adhesion molecule expression and cytokine production in monocytes (12) . LPSinduced (0.01 g/ml for 24 h) MCP-1 production in cell supernatants as measured by protein ELISA (Quantikine ELISA) was inhibited by SLPI, but neither oxSLPI nor SLPI:NE was able to impair the LPS effect (Fig. 4B) .
SLPI decreases LTA-and LPS-induced IL-6 production from PMA-differentiated U937 cells. Having shown that SLPI can inhibit both LTA-and LPS-induced NF-B activation (26) and can also impair LPS-induced TNF-␣ and MCP-1 expression in myelomonocytic cells, we next determined whether SLPI could also interfere with LTA-and LPS-induced cytokine expression by macrophages. U937 cells were treated with PMA (100 ng/ml for 72 h) to induce their differentiation into macrophages. The effects of LTA and LPS on IL-6 protein production from these cells were quantified by ELISA (R&D Systems). Increasing doses of either LTA (1 and 10 g/ml) or LPS (0.01 and 0.1 g/ml) increased IL-6 protein production in a dose-dependent fashion (P Յ 0.05) (Fig. 5A ). Preincubation with SLPI impaired both responses (Fig. 5B) , decreasing the LTA effects by 19% Ϯ 7% and 26% Ϯ 7% (P Յ 0.05) when 1 and 10 g of LTA/ml was used, respectively. oxSLPI could not inhibit this effect (data not shown). SLPI also inhibited LPS-induced IL-6 production by 10% Ϯ 2% and 17% Ϯ 4% when 0.01 and 0.1 g of LPS/ml was used, respectively (P Յ 0.05).
Taken together, the data show that SLPI can impair LTAand LPS-induced proinflammatory gene expression in monocytes and macrophage in vitro; however, oxidation and elastase complex formation of SLPI diminish its anti-inflammatory properties. These findings add to our understanding of what is presently known regarding the anti-inflammatory properties of SLPI (3, 7, 15, 16, 18, 19, 25, 30) . 
